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doi:10.1016/j.jds.2011.10.002Abstract Background/purpose: The aim of this study was to compare the physical and
psychophysical characteristics of a new generation of the Digora storage phosphor plate
(SPP) system [Digora Optime (Soredex, Helsinki, Finland)] with its previous version [Digora
fmx (Soredex, Helsinki, Finland)].
Materials and methods: Radiographs of an aluminum test object with a pattern of holes that
varied in depth and diameter were exposed to 65 kVp and 10 mA for nine different time
settings ranging from a minimum (0.05 seconds) to a maximum (3.2 seconds) using the Digora
Optime and Digora fmx SPP systems. For each system, pixel-intensity (the mean gray value)
measurements, contrast resolution, and exposure range were determined and compared. In
addition, a perceptibility curve test was used to compare the psychophysical properties of
the two SPP systems. Repeated-measures of analysis of variance and paired t tests were used
to compare the mean gray values and perceptible number of details at each exposure level
(P Z 0.05). The average measured intraclass correlation coefficient (AMICC) was used to
compare inter-rater agreement for the number of perceived details.
Results: The mean gray level output of fmx images was higher, whereas the contrast was lower
than Optime images at all exposure levels (P < 0.05). Images obtained with the Optime system
achieved the best contrast at a lower exposure than that of the fmx images. Digora Optime
operated over a wide range of exposures; however, the fmx showed a narrower dynamic range.
The number of details perceived on Optime images was significantly higher than that obtained
on the fmx images at all exposure levels (P < 0.05). Agreement among observers in terms of
the number of perceived details was excellent, with the AMICC ranging from 0.845e0.889.
Conclusion: Digora Optime achieved the best contrast at a lower exposure and demonstrated
a better dose response. In addition, the perceptibility of low-contrast details was significantly
higher for Digora Optime at a wide range of exposures.
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(0.5, 1.0, and 1.5 mm) along sequential columns; theDigital radiography was introduced into dental practice as
an alternative to film-based radiography to reduce the
radiation dose without compromising the image quality.1
With advancements in digital technology, new systems
and updated versions of existing systems regularly appear.
In 2004, a new version of a storage phosphor plate
(SPP)-based digital system, the Digora Optime (Soredex,
Helsinki, Finland), became available for dentistry. Imaging
plates of this new version are thinner and more flexible
than previous ones. The readout time for the newly
designed scanner is very short, and the image is displayed
on a computer monitor in approximately 8 seconds. The
spatial resolution of the Digora Optime system was reported
to be 12.5 (lp)/mm, while this value was around 7e8 lp/mm
for the older version [Digora fmx (Soredex, Helsinki,
Finland)].2 Results of studies comparing the image quality
of Digora Optime to that of conventional film and charge-
coupled device (CCD) systems reported similar or better
performances with the former.3,4 A recent study included
a comparison of the diagnostic accuracy of the old and new
versions of the Digora systems for caries detection and
found that the new version had significantly higher sensi-
tivity than its predecessor.5
The subjective evaluation of image quality was regarded
as being equally important as the determination of the
physical characteristics of a digital system. However, the
only study that evaluated both the physical and psycho-
physical properties of the old and new versions of the same
digital system compared two new CCD sensors with their
predecessors.6 No study could be found that evaluated both
the physical properties and subjective image quality of the
old and new versions of the SPP system.
The aim of this study, therefore, was to compare the
performance of the new generation of Digora SPP system
(Digora Optime) with its previous version (Digora fmx) in
terms of physical and psychophysical characteristics.
Materials and methods
Receptors
The sensors used in this study were white SPPs of Digora
fmx (called fmx hereafter) and blue SPPs of Digora Optime
(called Optime hereafter), part of the Soredex systems.
Details of the active area, pixel size, spatial resolution, and
image size of each plate are given in Table 1.
Test object and exposures
A 10-mm-thick aluminum block with a matrix of holes of
different diameters and depths drilled 4 mm apart was usedTable 1 Technical characteristics of each storage phosphor pla
Active area (mm2) Pixel size (mm)
Digora Fmx 30  40 64  64
Digora Optime 31  41 40  40as a phantom. The diameters of the holes increased in size
depths of the holes decreased by 0.25 mm from 2.0 mm to
0.25 mm along sequential rows.
A dental X-ray unit (Trophy Radiologie, Vincennes,
France) operated at 65 kVp and 10 mA and 1.5-mm Al
equivalent filtration were used for exposure of the test
radiographs with a focus-receptor distance of 25 cm. An
optical bench was used to standardize the geometric
projection.
X-ray dose measurements were determined by means of
exposures to a homogeneous radiation field. Exposures in
mC/kg were measured at every setting by means of a prop-
erly calibrated ionization chamber (Radcal, Monrovia, CA,
USA).
Three of size 2 (30  40-mm) white SPPs of fmx and
three of size 2 (31  41-mm) blue SPPs of the Optime
system were exposed to nine different time settings ranging
from 0.05e3.2 seconds, which possibly provided images
over nearly the entire range from marked underexposed to
overexposed. Hence, the exposure times for the plates
were called low (0.05, 0.06, and 0.08 seconds), medium
(0.12, 0.16, and 0.20 seconds), and high (2.0, 2.5, and 3.2
seconds) exposure ranges.7 Following exposure, the blue
SPPs were scanned in the Digora Optime scanner using the
“super-resolution” scanning mode as recommended by the
manufacturer for most diagnostic tasks, whereas the white
SPPs were scanned in the Digora fmx-scanner calibrated
for the highest exposure of 1.00 seconds. All SPPs were
immediately scanned after exposure, and the images were
acquired with the proprietary software, Digora for Windows
(DfW, version 2.5), for both Digora systems. Thus, a total of
54 digital radiographs were created.Pixel intensity output
When all plates had been scanned, pixel intensity (gray
value) measurements were made using the density
measurement tool in the corresponding software to
construct the system response versus radiation exposure
plots as described elsewhere.8 Each image was sampled
with five nonoverlapping regions of interest (ROIs). One ROI
was placed in the center of the image (165  215 pixels),
with the other four (50  50 pixels) inside the corners
(Fig. 1). The density range covered by these five sites was
considered to be the clinically acceptable optical density
range. The mean gray value of each ROI was measured by
assigning a gray value of 0 to black and a value of 255 to
white. The mean gray-level value for each separate image
was calculated from the five ROIs. Subsequently, mean gray
values were determined for each image from the informa-
tion in the three images obtained by repeat exposures.
Mean gray values of the two systems were compared using
repeated-measures analysis of variance (P Z 0.05).te imaging system.
Spatial resolution (lp mm1) Image size (pixels)
7.8 466  628
12.5 740  1008
Figure 1 Aluminum test object demonstrating regions of
interest used to calculate the pixel intensity output of each
system.
Gray value output of Digora fmx and Digora Optime systems
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Figure 2 Mean gray value output of two generations of
Digora storage phosphor plate systems to the radiation input.
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For each exposure, a contrast index (i.e., the difference
between the highest and lowest gray values) was calculated
through the use of histograms from images of the aluminim
test material as described previously.6 By plotting the
contrast indices at varying exposures, each system’s
contrast resolution and the diagnostic exposure range were
determined.
Perceptibility curve test
The perceptibility curve (PC) test was used to compare
psychophysical properties of digital systems included in the
present study. For this purpose, two sets of images (images
of the fmx and Optime systems) that were exposed at low,
medium, and high exposure ranges were randomized and
separately viewed.
SPP images were exported as uncompressed TIFF files
and imported into image presentation software [Power-
Point 2000 (Microsoft, Redmond, WA, USA)] to show each
image centered against a black background. This procedure
ensured a standard presentation of images. Each set of
images was displayed on a 15-inch (xx.x-cm) color cathode
ray tube monitor with a resolution of 1024  768 pixels and
256 gray levels [Philips Lightframe 107 P4 (Eindhoven, the
Netherlands)]. Ten observers evaluated all test images.
Observers were asked to view each image for at least 20
seconds and were asked to record the number of details
that they could perceive. Observation conditions were
optimized through the use of the same computer monitor
when the images were displayed. The viewing distance was
kept constant to about 50 cm for all observers, and the
lights were subdued during observations. In total, 180
images were evaluated by 10 observers.
The change in the mean number of object details
perceived by 10 observers in each image was plotted
against the exposure to construct modified PCs.9
A paired t test was used to compare the perceptible
number of details between the fmx and Optime images at
each exposure level (P Z 0.05). Inter-rater agreement
regarding the number of perceived details was assessed bycalculating the average measured intraclass correlation
coefficients (AMICCs).
Results
Pixel intensity output
The response of both generations of Digora SPPs to expo-
sures was linear for all exposure ranges used in this study.
Mean gray levels ranged 51  6.7e239  10.6 for Optime,
while it ranged 167  9.8e251  25.3 for fmx. The mean
gray level output and standard deviation of fmx images
were higher than those of Optime images at all exposure
levels (P < 0.05). In other words, the Digora fmx system
responded with a higher gray level per dose with higher
density variations; however, the Optime images demon-
strated a wider gray level range with lower variations in
density (Fig. 2).
Contrast resolution and exposure range
Contrast indices of both systems at three different exposure
levels used in this study are shown in Fig. 3. Optime images
showed higher indices than fmx images at all exposure
levels. No changes in contrast indices were observed at low
and median exposure levels for the fmx images. However,
the Optime images showed high contrast indices even at the
highest end of the low-exposure range (exposures closer to
the median range). At the high-exposure level, the contrast
decreased more gradually for the Optime images, while the
decrease was rapid for the fmx images. The peaks of the
contrast resolution curves indicate the best contrast that
can be obtained with that system, while the position of the
peak illustrates the optimal exposure dose.8 In this context,
it was observed that images obtained with the Optime
system reached the best contrast at lower exposures than
the fmx images (Fig. 3). Digora Optime operated over a wide
range of exposures; however, the fmx showed a narrower
dynamic range (Fig. 3).
Perceptibility test
The mean number of perceptible image details at different
exposure settings is illustrated in Fig. 4. The number of
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Figure 3 Contrast indices for fmx and Optime systems at
three exposure levels.
46 E. O¨nem et aldetails perceived using Optime images was significantly
higher than that obtained for the fmx images at all expo-
sure levels used in this study (P < 0.05).
The number of low-contrast details that were perceived
with the fmx images was almost one-half of that achieved
with Optime images at all exposures. The mean number of
details that was obtained at the lowest exposure for fmx
was 10, while it was 19 for Optime (Fig. 4). On the other
hand, at the highest exposure, the number of details
perceived using the fmx images was 12, while it was 24 for
the Optime images (Fig. 4).
Agreement among observers in terms of the number of
perceived details was excellent with AMICCs ranging from
0.845e0.889.
Discussion
The relationship between the actual exposure and gray
levels stored in the image is the primary requisite when
assessing the physical properties of any digital system. The
response of the sensor, as expressed in the mean gray level
output, summarizes the relationship between the incident
radiation dose and the efficiency of the sensor when con-
verting the absorbed radiation into digital information.6
According to the results of the present study, the0
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Figure 4 Modified perceptibility curves for fmx and Optime
images at various exposures.exposure and gray value output showed a linear relation-
ship for both generations of Digora SPP systems. This result
was expected and is in accordance with many previous
reports.10,11 However, the mean gray level output of the
Digora fmx images was higher than that of the Digora
Optime images at all exposure settings, meaning that the
fmx images were whiter (paler) than the Optime images.
The increase in mean gray values of the Digora fmx images,
which produced low-contrast images at all exposure levels,
may have been because of the relatively thick phosphor
layer of the white plates producing low-resolution images
due to high scatter compared with the blue plates of the
Optime system with a thinner phosphor layer.12 In fact, the
fmx images produced gray levels in a more-limited range
compared with the Optime images.
Recent developments of photostimulable storage phos-
phor systems have favored an increase in spatial resolution
and bit depth. An increase in bit depth results in more
available shades of gray in an image. It was reported that
the Digora Optime system provides 14-bit images, meaning
that 16,384 shades of gray are available per pixel, while this
value was 4096 shades (12-bit) for the fmx system.2
Therefore, the increase in bit depth for the new version
of the storage phosphor system may explain the wider
range of pixel values provided by the new version of the SPP
system compared with the older version.
One of the main physical attributes that distinguishes
the digital systems from conventional film is their response
to incident radiation. The exposure range (or latitude) over
which an imaging system operates is generally defined as
the range between a completely bright and completely
dark image.11 Systems with wide latitude are usually
considered better because this allows for detection of small
variations in attenuation.9 Previous studies comparing the
image quality of various storage phosphor systems proved
that SPP systems provided a clinically acceptable image
quality over a wide exposure range. This is particularly true
for the Optime system as supported by the present
results.8,13 In addition, images obtained with the Digora
Optime system achieved better contrast at lower exposures
than that of the fmx images. This means that the Optime
images required lower radiation to produce acceptable
images.8
It is well known that only the physical and technical
properties are insufficient to predict the diagnostic perfor-
mance of an imaging system. Because there is no direct
relationship between physical parameters and diagnostic
performance, studies that include physical measurements
in addition to observer performance are necessary to eval-
uate a radiographic system’s clinical applicability.8,14 In
such cases, a PC test may mainly represent the physical
properties of a system, but it still includes observer
performance with respect to visual perceptions. It is
a psychophysical test, which that combines physical prop-
erties and subjective visual performance, that is widely
accepted for comparing different radiographic systems.15,16
In this study, the number of low-contrast details that was
perceived with Optime images was significantly higher than
that obtained for fmx images at all exposure levels. In
digital radiology, the size of the pixel determines the spatial
resolution of the digital image. The limiting spatial resolu-
tion of fmx was approximately 7e8 lp/mm, while Optime
Comparison of older and newer versions of SPP systems 47attained a spatial resolution exceeding 12.5 lp/mm.2,17 The
increase in spatial resolution along with Optime’s better
contrast resolution may explain the superiority of the new
version in terms of the detectability of low-contrast details.
Since it was already proven that there is a correlation
between perceptibility of low-contrast details and diag-
nostic accuracy for proximal caries,18 according to the
results obtained, it may be possible to ascribe better diag-
nostic accuracy to the Digora Optime system. This result was
verified by various reports.5,12
New systems of digital radiography are being developed
and updated versions of existing systems regularly appear.
Previous studies investigated the technical and physical
performances of different sensor systems compared to
those of older versions.6,19 In addition, a number of studies
compared the diagnostic accuracy of older and newer
versions of different digital systems.5,8,17 Only one recent
study compared two new CCD sensors with their prede-
cessors.6 So far, the present study is the first to assess both
the physical properties and subjective image quality of the
old and new versions of the Digora storage PPS. The main
difference between the previous and new versions of the
Digora scanner is that the scanning time has been reduced
from approximately 30 seconds to about 8 seconds.
However, faster scanning may be accompanied by addi-
tional image noise. When the pixel size decreases, the noise
level relative to the signal also increases.20 Although no
attempt was made to test the level of noise on images
produced by the two generations of Digora SPP systems, it is
well known that noise has a prominent effect on both the
objective and subjective parameters evaluated in this
study.6,13 Considering the above mentioned factors, one
would, in theory, expect the visibility of small details to be
inferior on Optime images. However, in the present study,
Optime images demonstrated a higher number of percep-
tible details at all exposure levels. Similar results were
obtained for proximal caries (another low-contrast detail)
diagnoses.5,17
Although Digora fmx is no longer on the market, many
radiology departments still routinely use this device in their
clinics. It was demonstrated that differences between
physical and psychophysical characteristics of Optime and
fmx are not clinically relevant for proximal caries diag-
nosis.5,17 However; no studies could be found demon-
strating the comparative performance of these two systems
for other diagnostic tasks such as periodontal bone loss and
periapical lesions.
In summary, the Digora Optime system achieved the best
contrast at lower exposures and demonstrated a better
dose response. In addition, the perceptibility of low-
contrast details on the Optime images was significantly
higher than that obtained using the fmx at a large range of
exposure settings that included low, median, and high
radiation doses presenting a wide dynamic range.References
1. Bedard A, Davis TD, Angelopoulos C. Storage phosphor plates:
how durable are they as a digital dental radiographic system? J
Contemp Dent Prac 2004;5:57e69.2. DIGORA Optime technical data. http://www.soredex.com/
Upload/Intraoral/Technical_data_Digora_Optime_72063_4.pdf.
[accessed 15.07.10].
3. Sogur E, Baksi BG, Gro¨ndahl HG. Imaging of root canal fillings:
a comparison of subjective image quality between limited
cone-beam CT, storage phosphor and film radiography. Int
Endod J 2007;40:179e85.
4. Ilgu¨y M, Dinc¸er S, Ilgu¨y D, Bayirli G. Detection of artificial
occlusal caries in a phosphor imaging plate system with two
types of LCD monitors versus three different films. J Digit
Imaging 2009;22:242e9.
5. Haiter-Neto F, dos Anjos Pontual A, Frydenberg M, Wenzel A. A
comparison of older and newer versions of intraoral digital
radiography systems: diagnosing noncavitated proximal carious
lesions. J Am Dent Assoc 2007;138:1353e9.
6. Attaelmanan AG, Borg E, Gro¨ndahl HG. Assessments of the
physical performance of 2 generations of 2 direct digital
intraoral sensors. Oral Surg Oral Med Oral Pathol Oral Radiol
Endod 1999;88:517e23.
7. Alpoz E, Sogur E, Baksi Akdeniz BG. Perceptibility curve test for
digital radiographs before and after application of various
image processing algorithms. Dentomaxillofac Radiol 2007;36:
490e4.
8. Borg E, Attaelmanan A, Gro¨ndahl HG. Subjective image quality
of solid-state and photostimulable phosphor systems for digital
intra-oral radiography. Dentomaxillofac Radiol 2000;29:70e5.
9. Yoshiura K, Kawazu T, Chikui T, et al. Assessment of image
quality in dental radiography, part 2: optimum exposure
conditions for detection of small mass changes in 6 intraoral
radiography systems. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 1999;87:123e9.
10. Brettle DS, Workman A, Ellwood RP, Launders JH, Horner K,
Davies RM. The imaging performance of a storage phosphor
system for dental radiography. Br J Radiol 1996;69:256e61.
11. Huda W, Rill LN, Benn DK, Pettigrew JC. Comparison of a pho-
tostimulable phosphor system with film for dental radiology.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 1997;83:
725e31.
12. Hintze H, Wenzel A, Frydenberg M. Accuracy of caries detec-
tion with four storage phosphor systems and E-speed radio-
graphs. Dentomaxillofac Radiol 2002;31:170e5.
13. Borg E, Gro¨ndahl HG. On the dynamic range of different X-ray
photon detectors in intra-oral radiography. A comparison of
image quality in film, charge-coupled device and storage
phosphor systems. Dentomaxillofac Radiol 1996;25:82e8.
14. Martin CJ, Sharp PF, Sutton DG. Measurement of image quality
in diagnostic radiology. Appl Radiat Isot 1999;50:21e38.
15. Li G, Welander U, Yoshiura K, Shi XQ, McDavid WD. Percepti-
bility curve test for digital radiographs before and after
correction for attenuation and correction for attenuation and
visual response. Dentomaxillofac Radiol 2003;32:372e8.
16. Shi XQ, Li G, Yoshiura K, Welander U. Perceptibility curve test
for conventional and colour-coded radiographs. Dentomax-
illofac Radiol 2004;33:318e22.
17. Li G, Berkhout WE, Sanderink GC, Martins M, van der Stelt PF.
Detection of in vitro proximal caries in storage phosphor plate
radiographs scanned with different resolutions. Dentomax-
illofac Radiol 2008;37:325e9.
18. Yoshiura K, Nakayama E, Shimizu M, et al. Effects of the
automatic exposure compensation on the proximal caries
diagnosis. Dentomaxillofac Radiol 2005;34:140e4.
19. Attaelmanan AG, Borg E, Gro¨ndahl HG. Signal-to-noise ratios of
6 intraoral digital sensors. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod 2001;91:611e5.
20. Hildebolt CF, Bartlett TQ, Brunsden BS, et al. Bitewing-based
alveolar bone densitometry: digital imaging resolution
requirements. Dentomaxillofac Radiol 1994;23:129e34.
